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Measurements  have  been  perfomied  with  the  multifiinctional  CW  CO^lasetiadar  system,  both  at  the  TNO> 
PEL  laboratory  and  at  the  BEST  TWO  field  trial. 

The  BEST  TWO  (Battle  field  Emissive  Sources  Test  under  European  Theatre  Weather  and  Obscurants)  trial 
was  held  in  France,  at  Caiiq>  de  Monrmelon,  from  July  26  to  August  10  1990.  NATO  ACV243,  panel  4,  RSG 
IS  arranged  this  trial  to  test  battlefield  effects  tm  longe  range  target  acquisition  by  electro  optical  systems. 
This  report  describes  the  results  and  experience  gained  fiom  diese  etqreriments,  and  gives  recommendations 
for  further  improvement  of  the  multifiinctional  laseriadar  s^-up. 
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SAMENVATTING  (ONGERUBRICEERD) 

Metingen  zijn  veiricht  met  het  mnltifiinctionele  CW  CX>2-laseiTadaT  systeem,  2»wel  op  het  FEL/TNO 
laboratorium  als  oolt  tijdens  de  BEST  TWO  veld  oefeaing. 

De  BEST  TWO  (Battle  field  Emissive  Sources  Test  under  European  Theatre  Weadm  and  Obscurants) 
oefening  werd  gebouden  in  I^ankrijk,  op  Cmp  de  Mommdoo,  van  26  juli  tot  10  auguslus  1990.  NATO 
AC/243,  panel  4,  RSG  IS  organiseerde  deze  oefening  om  slagveld  efiecten  op  lange  a&tands  doel  detectie 
van  electro  cptische  systemen  te  testen. 

Dit  rqipoit  beachrijft  de  resubaten  en  ervaringen  opgedaan  tijdens  deze  etqierimenten.  en  geeft 
aanbevelingen  voor  verdere  vetbeteringen  van  bet  mnltifimctionele  lasenadar  systeem. 
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Oiapter  4  first  describes  the  BEST  TWO  trial,  and  then  focusses  on  the  measurement  results  of 
die  laseiradar  system. 

Experiments  performed  at  TNO-FEL  established  knowledge  on  qualitative  aspects  of  die  ou^t, 
the  perfoimance,  and  the  reproducability  of  the  system  under  laboratoiy  conditkms.  These  are 
described  in  chtqiter  5. 

Then  in  chiqiter  6  a  list  of  recommendations  is  given  for  inqsoving  the  set-iqi,  bodi  as  die  optics, 
the  electronics,  and  the  conqmter  equipment  are  concerned. 

Finally,  some  conclusions  from  the  experience  gained  by  participating  in  the  BEST  TWO  field 
test  are  given  in  ch^iter  7. 
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2  OPERATIONAL  CXINDITIONS 

The  TNO-FEL  multifaoctioiud  laaetradar  was  piimaiily  developed  for  use  in  a  laboratory.  It  is  not 
designed,  nor  built,  to  (^terate  according  to  military  specifications  related  to  battlefield  conditions. 
Because  of  their  significance,  attention  is  paid  to  some  differences  between  the  experimental 
conditions  in  a  laboratory  and  in  the  field. 

We  will  describe  the  specific  conditions  for  performing  measurements  at  dte  TNO-FEL 
laboratory  and  at  the  trial  site  Can^  de  Mouimelon  in  France. 

2.1  Laboratory  conditions 

At  TNO-FEL  the  lasetradar  system  is  placed  in  a  wooden  died  on  die  concrete  roof  of  the 
laboratory,  six  stories  higb.  The  room  measures  about  8  m^,  and  is  siqiplied  with  electrical  heating 
and  cooling  (airconditioning)  equqiment,  in  order  to  keep  the  tenqieratnre  in  a  range  diat  suits 
both  the  equipment  and  die  operator. 

Electricity  siqiplies  are  available  at  both  220  V  and  380  V. 

All  operational  conditions  are  dius  very  stable,  tools  and  technical  support  are  at  hand. 

The  shed  has  windows  facing  three  ditectioos,  to  perform  measurements  at  a  multitude  of  objects 
located  around  TNO-FEL 

F<u  alignment  and  testing  of  the  set-up,  an  assembly  consisting  of  a  pyio-electiic  detector  and  a 
retroreflector  are  mounted  onto  a  tower,  called  die  "Meteotower",  at  a  distance  of  a  good  3(X) 
meter  fiom  the  roof  shed.  The  detector  signal  is  available  at  die  roof  shed  tbrou^  a  coaxial  cable. 

2.2  BEST  TWO  conditiofis 

The  m^  of  the  test  site  at  Camp  de  Montmelon,  Ranee,  is  given  in  Fig.  2.1.  Rom  the  main 
instrumentation  area  (MIA),  die  lenain  sloped  down  gently,  to  curve  iq>  again  at  a  distance  of 
about  2  km.  The  fir  edge  of  a  wood  was  a  good  4  km  fiom  die  MIA.  The  field  between  the  MIA 
and  the  far  edge  of  die  wood  will  be  called  die  scenario. 

At  the  MIA  die  scientific  teams  set  up  dieir  eqiiipmmt  in  a  line,  so  that  everyone  had  a  fiee  view 
into  die  scemrio. 

As  diere  was  no  central  electrical  power  sop|^,  most  leanas  used  dieir  own  geoeratorss,  whidi 
were  installed  at  the  edge  of  dw  wood  dhectly  behmd  the  equipment  fine. 

The  opetmional  circumstances  differed  quite  a  lot  fiom  those  at  die  TNO-FEL  laboratory. 


Fig.2.1  Mq>of  BESTTWOtestsite,Canq>deMoiinnek» 

Tbe  temperature  varied  between  24’C  and  38'C,  there  conid  be  aome  wind,  and  always  dieie  was 
a  lot  of  and  dnat  in  die  air. 

The  soil  of  die  site  is  described  by  die  Bmean  de  Redierches  Oddogiqnes  et  Minitoes  de  Reiins 

in. 

Tbe  locttion  of  Camp  de  Maumeian  is  on  die  geological  chalk  layer  of  die  Senonian  period. 
There  is  only  a  few  cm  or  dm  of  veget^e  soQ,  which  contains  a  kx  of  dudk  particles. 
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The  chalk  in  this  legion  has  two  characteristics.  First  its  chemical  cotnpositian  is  particularly 
pure,  containing  99.9%  of  calcium  carbonate.  Secondly,  it  has  a  very  fine  porous  structure;  die 
particles  of  size  1  or  2  |im  are  stuck  together  in  a  well  placed  way,  leaving  !M)%  vacuum. 

As  a  consequence  of  its  structure,  die  chalk  wears  away  easily  and  die  atmosfdiere  is  full  of  dust 
For  exanqile,  it  takes  only  one  run  of  a  vehicle  to  raise  a  substantial  cloud  of  dust. 

As  the  particles  in  these  clouds  of  dost  are  extremely  fine,  conqiarable  to  flour  particles,  they  can 
float  in  the  air  for  a  long  time;  dus  causes  die  clouds  to  be  large  and  diick. 

It  is  of  interest  that  other  soils  in  Europe,  in  die  east  of  France,  in  Germany,  and  in  Italy,  give  dust 
of  the  same  chemical  composition,  but  diey  differ  fiom  the  Mounnelon  chalk  in  two  ways.  First, 
they  are  much  harder  than  the  Mounnelon  chalk,  so  dial  it  would  take  several  runs  of  vehicles  to 
raise  a  substantial  cloud  of  dust.  Second,  diey  contain  traces  of  iron  and  manganese  oxides,  isdiich 
gives  the  dust  a  yellow  or  ochre  colour,  whereas  die  Mounnelon  chalk  is  very  white. 

Our  electrical  power  was  [uovided  by  a  3.6  kVA  generator,  supplemented  by  2kW  power 
supplied  by  a  20  kW  generator  of  die  Dutch  Army. 

The  set-up  was  built  in  a  van,  that  was  stabilized  <»  four  sides  on  piles  of  bricks.  It  goes  without 
saying  that  litde  space  is  available  inside  die  van.  Cate  had  to  be  taken  in  moving  around  the  van, 
for  two  reasons.  In  the  first  place,  moving  around  would  cause  die  van,  and  dins  the  set-up,  to 
wiggle.  Especially  vibration  detection  measurements  are  to  be  disturbed  by  movements  of  die  set- 
iq>.  In  die  second  place,  the  risk  of  bunqiittg  into  equqanent,  causiiig  disalignment  or  damage,  was 
very  much  present 

In  contradiction  to  the  situation  at  the  laboratory,  at  die  BEST  TWO  site  there  was  no 
siqqxnt,  neither  was  the  convenience  of  a  telephone  netwotk.  A  radio  oommnnication  system  was 
used  instead. 

A  significant  problem  at  die  field  site  qipeared  to  be  the  alignment  of  die  set-up.  In  our  method  at 
(be  TNO-FEL  laboratory  we  use  a  detector/retroreflector  at  a  distance  of  about  300  rn^er.  In 
Motninelon  however,  diere  was  no  such  equipment  readily  installed.  We  performed  die  alignmeat 
in  several  stqis  as  follows. 

Rrst  the  optical  alignment  on  die  laserplatfoim  itself  was  checked,  using  fluorescence  plates,  to 
detect  die  laserbeams,  as  usuaL 

Next,  a  detactorAettoreflectar  was  placed  at  SS  m.  oormecled  to  die  oscillotcope  in  die  van.  After 
aligning  at  this  distance,  die  vertical  adjuslinent  aiioiild  be  correct  Due  to  die  paralax  between 
tnmsmitier  at  J  receiver  axis,  a  horizontal  «wi««Hgiii>ignt  temahiecL 
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The  horizontal  deviation  of  the  transmitter  and  receiver  axis  could  be  calculated  knowing  dial  the 
beams  coincided  at  die  range  of  55  meter.  Thus  a  conecdon  was  calculated  for  the  horizontal 
adjustment  of  the  HgCdTe  detecttB-.  After  optimizing  the  local  oscillator  beam  to  diis  new 
HgCdTe  detector  position,  die  set-up  was  finally  aligned,  using  a  retroreflector  placed  at  a  good  3 
km.  The  last  step  was  adjusting  die  local  oscillator  again. 

During  the  BEST  TWO  trial  die  HgCdTe  detector  had  to  be  removed  fiom  die  laserplatform. 
After  remounting  the  detector  the  problem  arises  of  finding  a  position  for  it  to  start  (^timizing  the 
alignment  of  the  receiver  beanL 

It  proved  to  be  necessary  to  place  a  heat  source  with  a  chopper  in  fi'ont  of  it,  as  well  as  the 
detectorAetroreflector,  at  a  considerable  distance.  For  this  purpose  die  aforemendoiied  equipment, 
together  with  an  oscilloscope  and  a  generator  was  transported  500  meter  into  the  scenario.  The 
operator  who  installed  the  equipment  was  in  contact  with  the  operatic  performing  the  alignment 
in  the  van,  by  means  of  a  portophone. 

The  transportation  and  installation  of  the  eqiiqiment,  as  well  as  the  interactive  alignment 
procedure,  where  two  persons  communicate  using  portoidiones,  proved  to  be  quite  difficuh  and, 
more  inqxntant,  very  much  time  consuming. 

A  major  difference  in  performing  measurements  in  a  laboratory  and  a  trial  environment  qipeares 
to  be  the  available  time.  At  die  laboratoiy,  measutementa  are  usualfy  performed  at  stationary 
objects,  intended  to  test  a  certain  aspect  of  die  system.  In  a  field  trial  however,  die  targets  are 
vehicles,  moving  according  to  a  certain  scenario.  Measurements  ate  to  be  petfctmed  at  well 
chosen  times  when  the  target  is  eidier  moving  or,  for  a  few  moments,  stationary.  In  addition,  die 
operator  may  wish  to  perform  measurements  on  different  targets,  and  thus  has  to  be  able  to 
redirect  die  transmitter  laserbeam  onto  a  new  target  in  a  very  short  period  of  time . 

Anodier  factor  which  amounts  to  die  performance  problem  is  the  fact  diat  in  a  field  trial  targets 
may  be  poorly  or  not  at  aU  visible  by  the  operator;  diis  might  be  canted  by  die  dust/smoke  raised 
unintentionally  by  the  vdiicies  or  intentionally  as  part  of  the  trial  scenario. 

A  last  troubling  drcumstaiice  during  BEST  TWO  was  die  fivqnem  use  of  eye-damaging  lasers. 
Whenever  this  equipment  wu  used,  all  personnel  at  die  test  site  had  to  wear  laser  goggles.  At 
tenqieratores  of  over  3S*C,  diis  definitely  was  quite  a  hiiidtsBce  while  carrying  out  the  job. 


During  a  measurement  session,  the  transmitted  laser  beam  could  be  aimed  at  a  target  using  several 
aids. 
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The  telescope  viewer,  having  the  best  c^tical  perfonnance,  was  used  to  locate  and  aim  at  vehicles 

at  large  distances:  >  3  km.  However,  when  using  the  telesct^  viewer  it  was  quite  difficult  for  the 

operator  to  control  the  conqrater  keyboard  and  so  to  start  a  measurement 

Furthermore  it  was  inqwssible  to  read  the  oscilloscope  at  the  same  time  to  check  the  received 

signal. 

At  shorter  distances  the  video  camera  was  used  to  aim  at  a  target  The  visualizing  of  diis  video 
signal  on  the  conqtuter  monitor  presented  die  user  with  an  advantage  as  well  as  a  disadvantage. 
The  monitor  is  mounted  in  die  19"  racks  as  is  the  oscilloscc^,  so  they  can  be  viewed  at  the  same 
time.  But  as  the  monitw  is  also  used  to  visualize  the  computer  output  video  can  not  be  viewed  at 
the  same  time  as  conqiuter  ouqiut. 

The  method  of  combiiiing  the  video  with  the  oscilloscope  proved  very  useful  though  at  shorter 
distances,  especially  during  die  characterization  (CHAR)  scenario.  Here  vehicles  would  be 
stationary  and  sometimes  hidden  between  bushes  or  behind  trees.  Scanning  slowly,  manually, 
over  a  target,  the  spots  on  a  target  that  yield  the  best  be."m  reflection  can  be  determined  using  die 
oscilloscope. 

A  last  method  of  locating  objects  was  sinqily  by  eye:  looking  just  over  die  scanmirror  often 
proved  to  be  much  more  practical  to  locate  a  particular  spot  in  die  scenario.  As  the  video  camera 
yields  a  monochrome  picture  and  a  limited  angle  of  view,  it  could  be  very  convenient  to  locate  an 
object  roughly  by  eye,  and  only  then  adjusting  the  beam  upon  the  target  using  the  electronic 
crosshair  in  the  video  picture. 

A  typical  measurement  would  start  widi  the  announccoaent  dirough  the  radio  communication  of 
the  starting  time  of  the  scenario,  dial  is  die  time  diat  the  target  vehicle(s)  would  start  moving  into 
the  scenario.  The  targetfs)  can  move  in  a  course  towards  die  MIA,  or  maybe  a  place 

somewhere  in  the  field  with  their  engine  either  shut  off  or  tunning.  During  this  period  eiqilosioiis 
of  different  kinds  could  occur,  eidier  at  2S0  m  fiom  the  MIA,  or  findier  in  die  scenario,  at  about  3 
km  distance.  Finally  the  target  vdiicle(s)  would  leave  die  scenario,  and  die  start  time  of  die  next 
scenario  was  announced  duougfa  die  radio. 


A 
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3  OPERATIONAL  PROPERTIES  OF  THE  SYSTEM 

In  this  report,  the  descriptioa  of  the  system  is  separated  in  a  part  which  emconqrasses  the 
con^uter  hardware  and  software,  and  a  part  containing  the  rest  of  die  set-np,  being  die 
laserplatform,  the  cooling  system,  and  the  additional  electronics. 

During  the  BEST  TWO  trial  some  pitperties  of  die  multifunctional  lasenadar  syston  became 
apparent  causing  perfoimance  reducing  effects. 

In  sections  3.1  and  3.2  we  will  discuss  the  peculiarities  of  the  system  that  were  encountered 
during  the  trial.  Some  of  these  had  already  emanated  during  the  last  few  years  at  the  laboratory, 
but  have  not  been  described  earlier. 

In  this  chapter,  we  will  merely  list  the  items;  the  recommendations  arising  from  them  are  to  be 
discussed  in  chapter  6. 

3. 1  Mechanical  aud  optical  properties 

In  this  section  a  number  of  properties  will  be  discussed  diat  proved  to  be  impractical,  or  features 
that  did  not  function  properly.  Furthennore  stane  accessaries  will  be  suggested  diat  ate  not  yet 
part  of  the  system,  but  would  be  very  useful.  At  last  some  remaining  impeifectifKis  of  the  set-iq> 
are  discussed. 

1)  The  choppers  on  the  laserplatform  ate  designed  to  modulate  die  beam  with  a  frequency  of 
about  30  Hz.  It  appears  that  this  frequency  is  quite  low  with  respect  to  the  oscilloscope  that  is 
used  to  visualize  the  chojped  beam.  It  results  in  an  unstable  display  on  the  oscilloscope. 

One  chopper,  which  is  not  mounted  on  die  laserplatform,  but  which  was  used  in  combhiation  widi 
an  infrared  radiation  source  in  the  alignment  procedure,  operates  at  more  than  200  Hz.  It  ippears 
that  diis  signal  results  m  a  much  mote  stable  output  on  die  oscilloscope  screen,  raabling  easier 
and  better  optiinization  of  die  optics  on  die  laserplatform. 

2)  The  liquid  nitrogen  level  in  die  dewar  of  the  HgCdTe  detector  is  indicated  by  a  LED-bar 
indicator,  which  is  controlled  by  a  plastic  tube  with  resiston,  placed  in  the  dewar  as  a  sensor. 

The  bottom  of  the  plastic  tube  tends  to  get  frozen  over  in  a  warm  environiiient,  dins  restraining 
the  sensor  system  to  accurately  react  to  a  change  of  the  nitrogen  level;  it  radicT  reacts  with  a  delay 
of  several  tens  of  seconds. 
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The  LED-bar  itself  is  located  at  the  side  of  the  laseiplatfoitn.  Although  logical,  it  is  not  the  most 
convenieDt  placement.  Pertu|>s  it  would  be  better  to  place  a  nitrogen  level  indicator  into  one  of 
the  19"  racks,  that  already  contains  the  other  electronics  to  control  the  set-up. 

3)  In  the  current  set-up,  a  crude  determination  of  laser  power  is  possible,  by  visualizing  the  signal 
of  pytxt-electtic  detector  #1  on  an  oscilloscope.  However  diis  does  disturb  die  ability  to  mtHiitor 
other  signals  on  this  oscilloscope  at  die  same  time.  Thus,  it  would  be  very  convenient  to  have  an 
analog  meter  indicating  the  laser  beam  power;  rtii.s  should  be  mounted  into  <me  of  the  19" 
equipment  racks. 

4)  With  our  system,  the  operates  esawot  aim  at,  or  locate,  a  target  whenever  it  is  dark,  or  even 
"early  in  the  morning".  Also  the  presence  of  smoke  clouds,  as  well  as  sand  and  dust,  raised  by 
artillery  explosions,  will  block  the  operators  view  onto  possible  targets. 

For  this  purpose  the  operator  of  our  set-up  could  be  aided  by  the  cooperation  with  a  nearly 
located  thermal  imaging  system. 

5)  The  telescope  viewer  that  was  incoiporatBd  into  the  set-up  proved  to  be  useful.  It  siqjplied  a 
more  detailed  view  of  vehicles  than  the  current  video-camera  could  provide.  On  the  other  hand, 
we  encountered  some  problems  as  well. 

In  the  first  place,  it  appeared  that  the  crosshair,  which  is  incorporated  in  the  objective,  alters  in 
vertical  direction  when  the  telescope  is  focussed.  Thus  an  alignment  performed  at  short  distance  is 
useless  when  ranging  targets  that  are  quite  remote,  and  vice  versa. 

In  the  second  place,  the  present  mounting  of  the  telescope  onto  the  laseiplalform  is  not  optimal. 
The  field  of  view  of  the  telescope  is  not  fully  covered  by  die  large  scanmirror,  which  results  in  a 
loss  of  definition  and  light  intensity  of  die  target  view. 

6)  Some  of  the  optical  elements  (miirors  and  beamsplitters)  do  not  seem  to  be  fixed  ruggedly  in 
their  postilion  after  alignment  This  showed  in  the  environment  of  the  BEST  TWO  trial,  ediere  at 
times  the  set-up  was  subject  to  vibrations  or  shocks. 

7)  There  are  a  lot  of  non-optical  parts  mounted  on  the  laserplatfomi,  that  are  not  necessarily 
needed  there.  This  causes  the  platform  to  be  large,  heavy,  and  difficult  to  manoeuvre  when  aiming 
at  a  target. 
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The  same  tq^Iies  actually  to  the  movable  si^tpott  diat  catties  die  UsexpUtfoaa.  It  holds  not  only 
the  (^tical  set-iq>,  but  die  cooling  unit,  the  laser  stabilizer,  and  the  ETA  control  unit  as  well.  This 
makes  the  total  set-up  quite  inflexible,  and  vulnerable,  with  tegaids  to  using  it  at  non-laboiatoiy 
sites. 

8)  Some  parts  on  the  lasetplatform  are  not  accessible  or  adjustable  without  losing  die  tqidcal 
alignment  This  holds  especially  for  the  pre-amplifier;  it  is  mounted  onto  die  HgCtfTe  detector  in 
such  a  way  that  the  alignment  is  always  seriously  disrapted  when  the  pre-amplifier  must  be 
dismounted  from  the  set-tq>. 

9)  Some  parts  are  difficult  to  access  with  tools.  Though  this  is  not  an  important  inconvenience,  it 
might  be  of  consideration  to  future  inqnovements  or  rebuilding  of  the  set-up. 

10)  The  placement  and  reading  of  fluorescence  plates  during  die  alignment  procedures  give  rise  to 
some  difficulties.  It  would  be  c<»venient  to  designate  smoe  particular  places  in  the  beam  paths, 
where  the  floorescence  plates  can,  and  should,  be  insoted  and  examined.  In  this  iqiproach.  any 
operator  should  adjust  the  set-q>  in  die  same  way. 

11)  The  laser  beam  is  not  screened  at  the  sides  of  die  plattom.  Thus  diere  are  posifims  at  which 
one  can  easUy  bum  oneself,  or  ones  clothes,  with  the  lasetbeam  when  pertoming  an  adjusunent 

12)  The  unit  that  cooles  and  circulates  die  coolant  around  the  laser  head  and  through  die 
acousto-optic  modulator  proved  to  be  not  cqiable  of  tnaintaming  a  temperature  of  12'C, 
whenever  die  ambient  tenqierature  was  over  dian  35’C.  During  the  BEST  TWO  trial,  diis  implied 
that  die  set-up  could  not  be  operated  either,  until  die  temperature  inside  the  van  dropped  below 
about  30’C. 

By  luck  anodmr  cooling  unit  could  be  installed  into  the  tet-iq>  during  the  trial  (but  this  equqnnetit 
had  to  be  returned  to  the  owner  afterwards). 

13)  The  ETA  "strSmungswicliter"  is  veiy  sensitive  to  electronic  interferences.  In  Canqi  de 
Mourinelon  diis  was  eiqierienced  when  a  pottopbime  was  used  widun  3  meter  of  die  set-tqi, 
whidi  resulted  in  a  diutdown  <d  die  power  to  the  laaeridatfann.  Anodter  example  of  external 
infinence  on  die  ETA  is  the  switdiing  on  or  off  of  die  dioppers  on  die  laaei|datfban;  dus  will 
often  have  die  tame  result 
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14)  The  electronic  eqiupment  is  connected  to  the  lasoplatfoim  by  a  large  number  of  coaxial- 
cables.  As  fliese  cables  all  are  separate,  this  might  present  chaos  in  a  test  site.  The  operator  should 
dierefore  take  care  to  correctly  connect  the  e(]uipment,  for  example  by  fitting  all  coaxial-cables 
with  flags  indicating  the  signals  (hey  carry. 

In  addition  to  this,  most  cables  that  are  used  now  ate  too  short.  The  provisional  solution  to  this 
has  always  been  to  lenghten  the  cables  widi  another  coaxial-cable,  or  simply  to  restrain  the 
distance  between  die  19"  racks  and  the  laserplatform.  This  mMin«  that  tha  operator  is  again 
restricted  in  positioning  die  laserplatform. 

3.2  Con^iuter  software  and  hardware  properties 

During  the  BEST  TWO  trial  it  tppeared  that  a  main  limitation  in  using  die  CXlj-laserradar  system 
is  presented  by  the  conputer  system,  which  controls  die  electronics  of  the  set-ip  and  which 
processes  the  measured  data.  This  holds  equally  for  both  the  software  and  die  hardware. 

The  conputer  system  in  general  was  set-ip  and  develtped  to  support  a  multifunctional  laserradar 
system.  While  the  system  performs  its  tasks  quite  well  in  laboratory  environmoit,  the  field 
conditions  of  a  trial  like  BEST  TWO  ate  much  mote  demanding  to  die  system  widi  regards  to 
flexibility,  speed,  and  ease  of  use. 

In  section  6.3  we  will  focus  onto  the  problems  encountered  in  using  the  system,  and  suggest 
recommendations  for  future  inprovement 


TNOraport 


Fkge 

16 


4  BEST  TWO  TRIAL 

The  BEST  TWO  trial  was  held  from  July  23  to  August  17  1990,  at  die  noilitaiy  site  Camp  de 
Mouimelon  in  France.  A  map  of  the  site  and  detailed  descr^tions  of  the  eiqierinieiital 
circumstances  were  given  in  section  2.2.  The  trial  was  arranged  to  test  battl^eld  effects  on  long 
range  (4  km)  target  acquisition,  and  was  organized  by  NATO  AC243  (panel  4)  RSGIS. 

The  objectives  of  BEST  TWO  were  fonnulated  as: 

1.  To  determine  the  effectiveness  of  Electro-Optical  EO  systems  under  adverse  European 
atmospheric  conditions  with  and  without  battlefield  events  (e.g.  simulated  burning  vehicles 
and  simulated  artillery  barrages). 

2.  To  ezamine  the  effects  in  the  near  and  far  fields  of  single  and  multqile  emissive  sources 
(simulated  burning  vehicles)  and  transient  events  (e.g.  explosions). 

3.  To  obtain  data  on  the  acquisition  of  static  and  moving  ground  vehicles  in  natural  clutter 
conditions  with  and  without  battlefield  events  in  a  European  environment  at  ranges  out  to 
4  km. 

4.  To  evaluate  target  acquisition  models  and  models  to  characterize  battlefield  events  and  dieir 
effects. 

3.  To  establish  a  database  for  die  evaluation  of  aided  target  recognition  ATR  and  SMART 
weiqxins. 

In  this  ctupter  the  scenarios  of  BEST  TWO  will  be  described,  where  special  attentiaa  is  gtven  to 
those  scenarios  during  which  measurements  were  perfotmed  with  our  mnltifunctiotial  lasemdar 
system. 

The  results  diat  are  presented  in  this  duqiter  are  based  on  die  actnal  onqiat  of  die  lasemdar 
system.  This  consists  of  values  for  dislaiKe,  velocity,  and  onqmt  prints  depicting  die  received  and 
processed  signal.  BEST  TWO  eiqieiiences  widi  reflect  to  the  perfonning  ttf  eiqieriiiients  with  our 
system  wen  previoiisly  treated  in  dupier  3. 
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4. 1  Descrq>tion  of  BEST  TWO  scenarios 

Each  scenario  involved  single  or  multiple  vehicles,  eidter  moving  or  stationaiy.  The  available 
vehicles  were: 

AMX30,  french  tank,  sometimes  IR-camouflaged, 

AMXIO,  french  annoured  personnel  carrier  (APQ,  sometimes  IR-camouflaged, 
l-eopard  2,  dutch  battle  tank, 

YPR/PRAT,  dutch  armoured  anti  tank  craft  (APC), 

YPR/PRI,  dutch  armoured  personnel  carrier  (APQ, 

army  trucks,  either  dutch  or  french,  sometimes  IR-camouflaged. 


Fig.4.1  PhotoraplioffivudiflBnatvaUdaa. 
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The  trial  provided  five  difTetent  scenarios: 
scenario  1 

A  single  vehicle  starts  its  run  into  the  scenario  at  the  far  wood  edge  and  drives  towards  die 
Main  Instnunentatitm  Area  (MIA),  pausing  at  several  fixed  points  along  the  route.  Two 
different  routes  were  available,  called  1-left  and  1-right  A  typical  run  would  be  coiqileted 
in  30  minutes. 

All  available  vehicles  were  used  in  this  scenario,  that  was  perfonned  several  times  during  die 
trial. 

scenario  1 

Basically  the  same  as  scenario  1,  but  now  batdefield  effircts  were  included:  motion  and 
vehicular  dust,  artillery  raised  dust,  fires  with  dieir  smoke.  The  battlefield  effects  would 
occur  at  about  3  km  fiom  the  MIA. 

In  scenario  2A  no  effects  were  tfiplied,  scenario  2B  provided  fires  in  oil  drums  widi  dieir 
smoke,  and  during  scenario  2C  sandbags  were  exploded. 

scenario  3 

A  line  of  7  to  13  vehicles  moved  at  a  ^leed  of  about  20  to  25  km/h  through  the  scenario 
towards  the  MIA. 

The  group  consisted  of  armoured  crafts  and  trucks.  A  run  todt  typically  10  miniii**  to 
crmqilete. 

This  scenario  was  perfonned  eidier  widioitt  battlefield  effects  (3A)  or  widi  fires  in  oil  dnuns 
(3B). 

scenario  4 

4  tanks  and  8  APCs  femied  an  attack  fixmatioii,  die  ««»>•«  the  way,  followed  by  die 
AFCs.  Thus  a  gios{>  of  vehicles  750  m  wide  and  100  m  kmg  ifipfoadied  (he  otiaerven  tt  the 
MIA.  This  scenario  was  perfonned  in  five  wiadoni: 

4A:  no  battlefield  effects;  a  ran  lasted  only  6  or  7  ntinutes, 

4B:  inclodtng  tirrmlated  artillery  barrage  near  (he  vdiiclet;  duration  30  mimuM  vehicles 

stopped  at  several  positiaiis. 
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4C:  as  4B,  but  now  including  a  eimuliinirf  aitilleiy  bamge  near  die  observers  (250- 

300  m  from  the  MIA), 

4D:  as  4A,  but  now  including  white  idio^horous  smcfre  near  die  observers  at  die  MIA, 

4E;  as  4A,  but  now  including  a  combined  white  phoqihorons  smoke  screen  and  attiUety 

raised  dust 


Fig.4^  PhoSogranhtrficeMrio  CHAR,  blowing  vdnclet  at  500  mbdund  clouds  of  white 

phoq^Mraus  and  Ma^  file  smoke. 


dimtanintHin  fCHAR) 

in  lUs  scwisrio  sevond  vehicles  were  statioiissy  at  500  m  distance  from  die  MIA.  At 
intervals  the  veUdes  tnmed  to  show  anodier  side  to  dw  observers  at  the  MIA.  BattWleM 
efiects  were  dao  Indadsd:  at  some  time  shnnlated  anOlecy  faacrages,  white  pho^horoQS 
smoke,  as  wen  as  fires  hi  oil  drams  were  genetssed. 

i 

The  vehicles  were  to  be  observed  both  with  and  without  engines  lumtiiig.  i 
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4.2  Measufemoit  results 

The  miMfanrtinnai  COh-lasetcatUr  system  tvas  operatioiul  Mily  dming  the  last  tiiiee  days  of 
BEST  TWO,  and  dms  the  results  of  our  measurements  are  restricted  to  die  scenarios  of  these 
days: 

Wednesday  ABgttitt  ff;  WCTgri"  CHAP 

Vibsatioa  detection,  detennination  of  die  characteristic  qiectra  of  the  vibntioiis  of  several 
vehicles  at  SOO  m  distance. 

Thursday  Al-yKt  O;  ^eniirinn  4n  unrf  4F. 

4D:  range  measurements  at  and  through  white  phoqihorons  clouds,  ranging  of  vdiicles  and 
natural  objects  located  behind  clouds  of  white  phoqihorons  smoke. 

4E:  range  measurements  at  and  duough  smnke/sand  combinations,  ranging  of  objects  behind 
a  combination  of  smoke  and  sand. 

Friday  August  10:  scenarios  4C  and  1-left 

4C:  reflection  of  sand/dust  clouds;  ratting  of  objects  located  behind  die  clouds  of  sand  and 
dust. 

l-kfi:  distance  and  velocity  of  several  vehicies  (Leopard2,  AMX,  etc.). 

1-left:  vibration  detection.  Detenmnation  of  the  characteristic  vibration  spectrum  of  an  anny 
truck  at  various  distances. 

The  measurements  of  Wednesday  August  8  are  availaUe  as  conyuter-peoceaaed  graphics 
representations  of  die  received  signals,  inchiding  the  supplementary  measurement  values  for  die 
radial  velocities  and  distances  of  die  targets. 

The  measurements  of  ditirsd^  August  9  nd  ftiday  Angnst  10  are  stored  in  disc-files  as  complete 
as  posaiMe,  for  later  prooeasing. 

During  die  iii^-sesaian  of  dmradsy  Ai^ist  9  no  measurenaeata  could  be  perfonned. 

4.2.1  FM  meaanrementt 

Most  of  our  measarensenis  perfonned  during  BEST  TWO  concerned  the  (Ifafiiiiinetinn  of  range 
and  velodqr  of  targets. 
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The  measuring  mode  diat  was  used  q>plied  fiequency  modulatioa  of  die  transmitted  laser  beam. 
The  targets  consisted  not  only  of  the  vdiicles  moving  dirongh  die  scenarios,  but  also  of  clouds  of 
sand  and  dust  raised  by  the  exploding  sandbags,  white  phosphorous  smoke  generated  by  LUST 
devices,  and  black  smoke  from  die  fires  in  oil  drums. 

It  qipeared  diat  diese  clouds  also  yielded  strong  reflections  from  which  range  and  velociQr 
measurements  were  obtained. 

Our  measurements  with  the  system  would  typically  produce  results  showing  multqile  signal 
peaks,  originating  from  the  reflections  of  one  or  more  cloud  structures  and  targets. 

The  origin  and  some  characteristics  of  die  plots  on  the  VIDIS  graphics  system,  that  are  given  in 
this  section,  will  be  described  in  section  5.1. 
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Rg.4.3 

A  plot  of  the  procetned  received  signal  it  given  in  Rg.  4.3.  It  was  obtaaied  from  a  single  target,  in 
this  case  a  tank,  statkMMny  at  a  distance  of  2433  m.  The  plot  riwws  a  clear  and  strong  negative 
signal  peak.  It  pointa  so  a  posUon  along  Ae  horieontal  axis,  indicnting  the  range.  Some  ’ntdae" 
and  siddobes  an  present  on  the  signal  Note  that  the  wkhh  of  the  poise  is  narrow.  Thisisaresnit 
~bm  a  tirgrt  ii  flat*  in  Itr  ifhTrtlnn  rurri  nrflmlar  tn  Ihr  hirnmlitf  Isarrtirsm 
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Ranging  at  battle  tank. 


Fig.  4.4 


Ranging  at  groond  in  front  of  battle  tank. 


Fig.  4.4  ahows  a  target  peak  at  aboot  the  same  range,  but  this  is  in  fact  the  reflectitm  of  the  ground 
in  front  of  die  vehicle  that  was  ranged  in  Rg.  4.3.  In  this  case  die  signal  peak  is  significantly 
broader  as  compared  to  the  peak  of  Hg.  4.3,  as  expected. 

The  transmitted  laser  beam  has  a  diamrar  of  several  decimeters  to  a  meter  (the  beam  divergence 
is  about  0.3  mtad).  For  this  reason  die  reflection  of  an  extended  target,  a  coUectkm  of  reflecting 
objects  at  several  ranges,  resuht  in  a  somewhat  broader  peak  in  the  received  signal 
This  exanqile  of  target/terrain  discrimination  by  pulse  broadening  due  to  disitibuted  reflections 
from  the  terrain  can  be  ap^ied  to  maiiy  measurements  of  the  BEST  TWO  iriaL 
So,  in  practice  it  appears  to  be  poMible  to  distinguiah  between  die  singnlar  reflectkos  from  e.g. 
vehicles  and  trees  and  distributed  reflectians  from  "targets"  likB  grass-fields  widi  grazing 
incideoce  die  lasetbeans. 
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¥i%.  4^  a.  Tntmtmitttr  beam  aimed  oo  vebkle, 
b.  Transmitter  aimed  pvtly  on  vebi^. 

Mnltqde  targets  ve  visualized  in  Rga.  4  J  a  *riH  b.  bi  die  first  case  a  *■”*•  yields  a  clear  r^lectiaa 
of  a  single  target  Ibe  seoood  plot  shows  the  retah  when  die  beam  wu  aimed  iqion  the  edge  of 
die  same  vebkk,  so  dut  part  of  die  beam  reflects  from  die  ground  Jnat  in  fiont  of  die  tank. 

The  algtHithm  of  oar  congaiiet  peogram  XYRANOE  provides  in  the  |wnr*Ming  <rf  one  or  two 
targets  from  a  meaaorement  dam  set  According  two  lesnlts  are  printed.  Moreover,  die  pulse 
broadening  doe  to  terrain  it  again  visible. 
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Fig.  4.6  Molt^le  targets  tneasined  throng  a  white  jdiosphoioiis  cloud. 

Electroiiically,  our  system  can  detect  the  presence  of  mtve  titan  two  targets,  as  can  be  concluded 
frtnn  Fig.  4.6,  but  the  cotient  in^lementation  of  XYRAMGE  is  able  to  process  values  for  range 
and  velocity  for  a  maximum  of  two  targets.  Fresently,  our  progiam  yields  the  ou^ut  "unreliable 
measurement"  in  tiie  case  that  mote  than  two  targets  peaks  are  present  that  are  ^tptoximately 
equally  strong. 

The  influence  of  clouds  of  varioos  sorts  will  be  discussed  on  the  basis  of  Hgs.  4.7a,  4.7b  and  4.7c, 
that  depict  the  reflectiaiis  of  a  target  behind  clouds  of  reqtectively  sand/dust,  white  phos{tiioious 
smoke,  and  fire  smoke.  The  edge  of  a  doud  can  be  distingnisbed  quite  clearly,  yielding  a  result 
for  range  and  velocity.  The  target,  located  bdiind  a  doud,  trfiea  produces  a  good  signal  as  well. 

In  Rg.  4.7a  die  second  target  peak  is  significantly  smaller  tiian  is  die  case  in  Fig.  4.7  b  and  c.  This 
was  probably  caused  by  the  first  measuremeot  being  recorded  right  after  a  attiUery 

eiqdosion;  obviously  tiK  cloud  of  sandAlust  was  at  that  moment  less  penelrdile  to  our  laser  beam 
than  it  would  become  some  seconds  later. 

During  the  trial  we  found  that  during  the  first  10  seconds  after  a  santWust  doud  is  raised,  (fojects 
bdiind  the  cloud  see  not  detectsble.  hi  die  cases  of  while  phosphorous  smoke  end  fire  moke  tins 
period  is  even  shorter  usually  shout  two  seconds  or  less,  d^endkig  on  die  intensity  ^  the  smoke 
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Fig.  4.8 
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6  (  3t'e  i 

Several  clouds  forming  multiple  targets,  measurement  in  double  (up/down)  cbiip 
mode. 


After  these  initial  periods,  objects  behind  the  clouds  are  detectable  for  our  laserradar  system  at  all 
times. 

However  in  these  experiinaits,  as  there  was  no  IR-camera  incorporated  in  oar  system  to  visualize 
the  objects  behind  clouds,  diese  targets  could  not  be  identified. 

Fig.  4.8  gives  an  example  of  the  multiple  reflections  that  are  generated  when  multiple  clouds  are 
in  die  line  of  sight. 

This  measurement  was  perfonned  in  double  (up/down)  chirp  mode,  which  yields  both  distance 
and  velocity  as  ou^t.  This  doable  chiip  measurements  will  be  treated  moae  extensively  fiitdier 
on  in  this  section.  For  now  it  suffices  to  observe  that  Fig.  4.8  shows  bunches  of  down-  and 
ipward  target  peaks,  originating  from  reflectioiis  at  molt^le  clouds. 

All  clouds  and  a  target,  when  present,  may  be  detected  simultaneously;  die  limitation  of  die 
program  XYRANQE,  namely  dial  it  coold  only  distingnidi  two  targets,  has  been  removed  later  by 
expanding  die  program. 
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targets:  no  significant  difiierence  in  signal  strength  and  calculated  range  values  occurred  when 
tanging  these  two  tanks. 

The  two  corresponding  plots  ate  given  in  Figs.  4.9a  and  4.9b. 

Con^>arable  measurements  at  fiench  army  trucks,  of  which  one  was  camouflaged,  yielded  the 
same  result.  The  latter  experiment  was  petfomied  during  the  characterization  (CHAR)  scenario; 
the  trucks  were  placed  at  SOO  m  fiom  the  MIA. 

On  the  ranging  of  target  vehicles,  especially  tanks,  it  sppeared  during  BEST  TWO  that  it  does 
make  a  difference  where  the  laser  beam  is  hitdng  die  target.  Specifically,  if  the  target  was  located 
within  1  km  distance,  its  side,  fiont  and  top  reflected  significantly  less  than  the  tracks  and  the 
transition  between  tank  and  turret  did.  The  r^ierator  could  clearly  visualize  diis  difference  in 
signal  strengths  on  an  oscilloscope,  and  in  pratice  may  use  it  to  optimize  fhe  aiming  of  the 
laserbeam  upon  a  target. 

Due  to  the  Umited  period  of  time  during  which  the  system  was  operational,  no  sufficient  data  has 
been  obtained  to  statistically  support  the  conclusion,  that  fiom  some  parts  of  a  tank  much  stronger 
signals  were  obtained  than  on  the  average. 

Tabel  4.1  Ranges  measured  by  by  C02-lssciTadar  system  and  the  reference  values. 


position 

range 

reference 

scenario  l-left :  0 

3900  m 

3900  m 

2 

3247  m 

3187  m 

3 

2918  m 

2912  m 

3 

2129  ffl 

2333  m 

10 

1301  m 

1493  m 

IS 

990m 

1000  m 

field  instrument  area3040  m 

- 

tanks,  left  wood  edgel637  m 

- 

The  reproducabUity  of  die  FM-ranging  was  tested  a  number  of  times  during  BEST  TWO,  by 
measuring  die  distance  to  a  specific  stationary  target:  a  white  truck,  located  in  the  edge  of  die 
wood  left  of  the  scenario.  This  object  was  tanged  several  times  at  different  di^s,  eadi  time 
producing  die  same  result  of  1660  iil  RqaoducabiHty  thus  showed  to  be  good. 
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The  distances  to  fixed  locations,  that  were  measuied  during  BEST  TWO,  are  given  in  Table  4.1. 
In  addition,  reference  values  are  given  for  the  ranges  to  &e  points  of  scenario  I'left,  as  produced 
by  French  army  battlefield  radar.  The  rather  large  deviations  in  die  nnges  to  positions  2  and  5  are 
probably  caused  by  the  target  vehicle  not  having  halted  exacly  at  die  marked  location  in  die 
scenario.  However,  we  can  not  verify  this,  because  the  values  in  Table  4.1,  regarding  die  ranges  to 
the  fixed  positions  of  scenario  1-left,  are  based  on  single  measarements  only. 

A  systematical  error,  a  range  offset,  tqipeared  to  be  present  in  the  calcnlated  value  for  distance. 
Measuring  a  person  standing  in  front  of  the  set-up,  at  about  S  m,  yielded  a  processed  result  of 
25  m. 

The  systematical  error  is  caused  by  some  software  constants  in  the  processing  algorithm;  diese 
constants  can  easily  be  corrected  later.  The  values  in  Table  4.1  have  been  corrected  for  diis 
deviation,  die  ranges  as  printed  in  the  VIDIS  plots  are  not. 

All  the  above  presented  results  concerned  single  diitp  measurements,  where  only  die  distance  to  a 
target  is  determined.  Double  chirp  measurements,  which  yield  additional  information  fiom  which 
both  range  and  radial  velocity  of  a  target  is  processed,  were  also  performed  extensively. 

A  VIDIS  plot  of  a  double  chirp  measurement  shows  not  just  one  target  peak  downwards,  but 
another  one  inwards  as  well;  the  latter  emanating  from  the  second  iqi-chiip.  Concerning  the 
processing  mediod  the  reader  should  refer  to  Bcntvelsen  [2]. 

The  double  chirp  measurements  were  performed  at  both  moving  and  stationaiy  targets.  The  latter 
showed  diat  the  velocity  of  a  target  as  detomined  by  the  system  has  a  systematical  deviation  as 
well. 

Figs.  4.10a  and  b  show  die  double  chirp  measurement  results  of  a  target  vehicle  at  longe  range 
and  of  die  ground  in  front  of  the  vehicle,  respectively.  It  tppcmi  for  stafionary  objects  diat  die 
calculated  qieed  could  vary  from  0.4  to  1.0  m/s.  Puidier  investigation  is  needed  to  determine  die 
cause  of  this  deviatkm,  which  is  probably  amatter  of  software. 
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During  the  trial  measurements  were  performed  at  ranges  of  more  than  4  km,  die  distance  to  die 
wood  edge  on  the  odier  side  of  die  scmario.  Vehicles  as  well  as  trees  could  be  measured  well 
with  our  system,  but  at  these  longer  ranges  die  digital  integrator  should  perform  at  least  100 
integrations  to  obtain  a  reasonable  s^nal  to  noise  ratio.  The  measuring  time  was  approximately 
2.3  msec  (with  a  laser  power  of  0.7  Watt). 

4.2.2  Vibration  detection  measurements 

During  two  sessions  of  the  trial  also  vibration  detection  measurements  were  carried  out  The  first 
time  was  at  Wednesday  August  8  during  the  CHAR  scenario,  and  die  second  time  at  fiiday  August 
10  during  a  1-lefl  scenario. 

The  main  objective  was  to  record  the  characteristic  vibration  qiectra  of  several  military  vehicles. 
The  transmitted  laser  beam  was  not  modulated,  but  a  frequency  shift  of  100  MHz  was  qiplied  by 
driving  die  AOM  widi  a  100  MHz  ctmtinuous  wave  signal  l^x»  reflection  at  a  vibrating  object 
the  beam  will  be  modulated  in  fieqnency  by  the  Doppler  effect  The  beam  as  received  1^  die 
HgCdTe  detector  was  FM-demodulated  by  a  radio  receiver  and  recorded  on  audio  tape.  The 
signals  could  later  be  processed  at  die  TNO-FEL  laboratory,  to  serve  the  study  of  target 
classification  by  characteristic  vibrations. 

For  the  purpose  of  monitaring  the  aiming  of  die  transmitter  beam,  the  audio  signal  fiom  the 
receiver  was  also  sem  directiy  to  a  toudgieaker. 

The  CHAR  scenario  of  August  8  provided  stationary  vdiicles,  widi  eagmes  eidier  nmning  or  dmt 
off.  Once  in  a  udiile  die  vehicles  would  turn  to  face  another  side  to  die  MIA.  The  distance  to  all 
vehicles,  as  diey  were  lined  iq>,  was  about  300  m.  All  available  target  vdiiclea,  as  described  in 
section  4.1,  patticqiatBd  in  diis  scenario. 

Our  measurements  in  diis  scenario  dins  resulted  in  the  teooided  vibsatioo  «igMi«  of  sevcial 
militaty  vdiicles. 

On  August  10,  signals  from  a  fiendi  amqr  tmdc  were  recorded,  as  it  sppsoachsid  die  MIA  doing 
scenario  l-left.  It  gives  the  vibtatian  spectrum  of  a  single  vehicle,  but  at  varying  distnoe,  and 
while  its  eagme  is  running  at  vaiying  rales. 
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The  execution  of  tiie  vibration  detection  measurements  at  Camp  de  Mouimelon  and  tiie  evaluation 
of  die  lecoidings  at  the  TNO-FEL  laboratoty  have  been  peifomied  by  ing.  H.E.R.  Boetz;  his 
findings  are  described  in  [6]. 

Requency  analysis  of  the  recorded  vitattion  qiectra  yielded  die  following  results: 

1)  Most  of  die  vibrations  measured  at  stationary  vehicles  were  in  the  range  of  3  to  200  Hz;  the 
strongest  peaks  in  the  spectnim  occmied  between  10  and  SO  Hz. 

2)  The  vibration  spectrum  of  any  vehicle  shows  die  same  signal  peaks,  widi  varying  ampHtude, 
when  this  target  is  viewed  fiom  different  sides  and  it  is  measured  at  varying  distance. 

3)  spurious  signals  were  clearly  present,  mainfy  caused  by  vibrations  of  the  set-up  and  die 
electrical  power  supplies. 

Especially  this  last  issue  should  lead  to  further  inqvovememts  in  die  future  set-up  of  die 
laseiplatfoim. 

4.3  Verification  of  measurement  results 

The  distances  as  measured  during  scenario  l-kft  were  compared  to  die  coneyiding  values 
given  by  the  fiench  army  battlefield  radar.  The  velocities  measured  by  our  system  have  not  yet 
been  correlated  with  results  of  odier  teams  diat  participated  in  BEST  TWO. 

The  results  of  our  vibration  detectitm  measurements  are  at  stationary  targets  comtiaiy  to  those 
made  by  one  of  the  English  participants;  diey  measured  acoustical  qwctra  of  bU  vdiicles  as  dtey 
drove  to  die  start  of  die  scenarios. 

4.4  BEST  TWO  conclusions 

The  nmitifimctional  CW  OOj-laseiradar  hu  been  operational  during  the  BEST  TWO  trial  It  has 
proven  to  be  able  to  detetmine  the  ranges  and  velocities  of  ™iHpfa  targets  at  a  single  line  of 
sight,  up  to  a  good  4  km.  The  targets  conaisled  of  militaiy  vtiUcles  and  naintal  objects,  often 
located  bdiind  clouds  of  SBoehe  and  sand.  The  measuremeat  results  have  been  primed  and  saved 
to  disc-files  for  baar  r'»'~««»"g 

In  additian,  vibcatiao  detection  measutementt  have  been  perfotmed.  Low  fieqnency  vibration 
spectra  have  been  recorded  on  audio  tape.  These  ate  to  be  proceseed  at  the  TNO-FEL  Ubotmary. 
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It  thowed  during  die  trial,  diat  it  can  be  difficult  to  keqi  a  labcntoiy  set-q>  cpetadoual  in  a 
battlefield  environment  Many  extenal  mfluencea  can  jxeaent  problems  with  vriiich  the  opentor 
might  not  be  familiar. 

A  factor  which  is  very  important  is  time.  During  a  trial  each  scenario  is  scheduled;  the 
measurements  should  duis  be  planned  carefully  too.  This  preparation  should  be  very  ttimonj^ 
and  so  insure  die  tncoeafiilpafariiiance  of  die  measurements  that  were  planned. 

I^lrthe^llote,  one  should  not  forget  to  provide  for  safety  precautions  to  prevent  human  failure;  a 
mistake  is  easily  made  triien  working  in  a  unfomiliar,  and  peitu^is  stressful,  envircnment 
Finally,  one  must  realise  diat  dieie  will  always  be  uneiqiected  events  that  need  improvisation. 
Therefore,  the  preparadon  should  also  account  for  a  certain  degree  of  flexibility. 
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5  MEASUREMENTS  AT  THE  TNO-FEL  LABORATORY 

In  January  1991  some  measurements  wem  petfonned  to  check  the  performance  of  fhe 
multifunctional  laser  radar  system.  Specific  aa«ition  was  given  to  test  tire  reproducability  of 
range  and  (post-detection)  signal  to  noise  ratio,  both  in  an^ditude  and  fiequency  modulation 
modes. 

The  set-up  was  first  realigned,  according  to  the  procedures  as  described  by  Hebers  [4]. 

The  driver  voltage  for  the  local  oscillator  ACM  was  set  to  16  V.  The  signal  level  of  tire  pyro¬ 
electric  detector  #1,  indicating  tire  laser  beam  intensity,  was  1.1  V  at  startiq)  but  decreased  to 
0.7  V  after  about  20  minutes  of  laser  operatiotr;  it  then  stabilised.  The  transmitting  laser  beam 
I  power,  after  mirrcn'  M4,  was  S40  mW.  Local  oscillator  beam  power,  after  beam^litter  BS2,  was 

6.1  mW.  The  heterodyne  noise  signal  levels,  widi  and  witirout  the  local  oscillator  teaching  tire 
HgCdTe  detector,  were  about  ISO  mV  and  100  mV  reqrectively . 

S.  1  Oraracteristics  of  system  ouqnit. 

The  tesulu  of  measurements  ate  presented  on  oaq»t  devices  as  tire  computer  nronitcr,  tile  VIDIS 
grqrhical  system,  and  possibly  tire  printer.  They  consist  of  processed  signals,  and  possibly 
calculated  ranges,  velocities,  and  a  signal  to  noise  ratio  (SNR). 

In  the  case  of  FM  mode,  tire  omput  signal  of  tire  HgCdTe  detector,  consisting  of  FM  chirps  and 
noise,  is  processed  by  pulse  compressKni  hardware  in  the  HF-transceiver,  followed  by  eavelope 
detection.  Then  a  number  of  measurements  ate  added  in  tire  digital  integtator,  to  incieaae  the 
,  SNR.  Hnally,  using  a  HP  9000  cortpnter,  the  signal  is  subjected  to  some  filtering.  The  resnlting 

I  signal,  with  its  noise,  is  {dotted  by  the  VIDIS  system.  An  exanqde  of  such  a  plot  is  givtn  in 

j  Rg.  5.1.  The  position  of  tile  peak  on  tile  horizontal  eras  represents  the  range  of  tile  target 

I  The  tide-lobes,  that  ate  present  next  to  tite  target  reflectioa  peak,  ate  earned  by  software  and 

I  hardware  filtering  effects. 
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Fig.  5.1  Measurement  ouQiut  on  VIDIS  system,  showing  singular  target  reflection  wiA  side- 
lobes  and  noise. 


Our  measurements  with  the  system  would  typically  pioduce  results  showing  mnll^le  signal 
peaks,  originating  from  die  reflections  of  one  or  mote  cloud  stnictures  and  targets. 

3.2  Reproducability  of  measured  range  and  SNR 

In  the  measurements,  sevoal  "hard"  and  "soft”  targets  were  ranged.  All  measurements  were 
perfonned  in  both  die  amplitude  and  fiequency  modulating  modes,  and  using  the  tree  possible 
sampling  fiequency  settings  for  die  Master  Osdllator  30,  33,  and  42  MHz.  Bveiy  measurement 
was  rqieated  10  dmes.  Results  were  printed  only  numerically;  die  VIDIS  system  was  not  used,  in 
order  to  enable  a  large  number  of  measurements  to  be  peribtmed  in  a  restricted  period  of  time. 

The  "hard”  targets  were:  die  RNL-lower  in  Ixiidsdwaidam  (3  km),  an  appartement  building  (3 
km),  the  small  tower  of  Wasaenaar  (3  km),  the  watertowcr  of  Wassenaar  (1.6  km),  die  SHAPE 
radar  gkRie  (0.8  km),  and  a  bunker  (0.3  km). 

Spots  of  sand/giass  were  ranged  at  three  dirianoes;  1.7, 0.9,  and  0.4  kuL 

Several  bunches  of  trees  were  ranged;  the  disianoe  varied  between  2.4  and  0.4  km.  The  trees 

difEered.  some  being  covered  widi  leaves,  tome  having  fbw  leaves  left,  and  odiets  having  lost  aU 

leaves. 
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FM)  The  measured  range  of  die  targets  reproduced  ladier  good;  in  most  cases  die  10 
measurements  showed  variation  over  just  oae  or  two  rangebins.  This  vatiatum  of  3  to  4  meters  is 
partially  caused  by  dte  algorithm  which  interprets  the  measurement 

The  amount  of  variation  did  not  depend  cm  the  sampling  fiequency  of  the  parameter  Master 
Oscillator,  being  either  30,  3S  or  42  MHz.  Heitfaer  was  the  SNR,  as  calculated  by  die  program 
XYRANGEIO,  dependent  of  die  master  oscillator  fiequency. 

As  expected,  the  SNR  of  a  measurement  increased  as  die  number  of  integradons  was  increased, 
but  die  calculated  range  would  not  vary. 

AM)  The  previous  conclusions  also  apply  to  die  AM  measurements;  die  range  is  even  more 
constant  and  the  calculated  SNR  is  somewhat  higher. 

Some  additional  remaiics  can  be  made  regarding  some  of  die  measurement  parameters:  the  AM 
binary  codenumber  (number  of  level  changes  in  a  period)  and  the  bandwidth. 

It  appears  that  the  measured  range  is  indqieiident  of  die  AM  codenumber.  The  SNR  decreases 
slowly  as  codenumbers  increase  above  100,  widi  the  bandwidth  set  to  6  MHz.  This  is  to  be 
expected;  the  higher  codenumbers  result  in  a  larger  bandwidth  of  the  modulating  signal  which 
becomes  less  conqiatible  widi  die  6xed  bandwiddi  of  die  processing  electronics. 

It  is  recommended  that  future  investigations  address  on  the  wqrs  in  adiich  bandwiddi  parameters 
influence  tbe  properties  of  the  SNR. 

In  our  test  measurements  die  settings  of  30  kHz  and  3(X)  kHz  resulted  in  a  ftifane  of  die  presem 
algorithm  to  calculate  a  result  for  die  range:  the  user  is  presented  the  message  "unreliable 
measurement".  The  settings  3  MHz  and  6  MHz  resulted  in  a  difforeace  of  20  meter  in  calculated 
range.  This  is  due  to  the  difference  in  delay  caused  by  die  reflective  filters. 

9.3  Qualitative  and  operational  aqiects  of  AM  and  FM  modes 

The  FM  mode  has  some  advantages  over  the  AM  mode. 

First,  dus  mediod  enmmpasses  pulse  compression,  and  thus  should  yield  sn  improved  SNR  [5]. 

In  our  measurements  dds  oouU  uM  be  directly  verified  from  the  primed  values  for  SNR,  as 
explained  in  sectkm  3.1. 

During  our  measureiuBiits  it  appeared  thafy  target  which  could  be  detected,  and  tanged,  by  the 
system  nshig  die  FM  technique,  was  detectsbiB  using  the  AM  mode  as  wefi.  Moreover,  in  die  AM 
mode  die  algoridim  typically  needed  leae  imagretkins,  by  a  fiwior  4  to  S,  to  be  able  to  calculate  a 
result  from  the  meaeurement  data. 
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Second,  using  the  FM  mode,  the  operator  is  able  to  find  a  target  and  optimize  the  aiming  of  the 
transmitted  laseibeam  onto  this  target  This  is  done  by  viewing  die  received  detector  signal,  after 
pulse  con^pression,  widi  an  oscilloscope.  The  height  of  the  pulse,  above  the  noise,  is  then  a  direct 
measure  for  the  quality  of  the  detector  signal.  Also  this  provides  a  direct  test  that  the  system  is 
performing  well. 

Furthermore,  for  the  FM  mode  there  is  die  inqxstant  feature  that,  by  using  double  chirps,  die 
velocity  of  a  target  as  weU  as  its  distance  can  be  obtained. 

The  AM  mode  allows  the  bandwidth  and  codcnumber  to  be  adjusted  by  the  operator,  this  can  be 
advantageous  to  r^dmize  the  perfonnar  of  Jie  system  in  particular  measurements. 

Another  point  of  inteiest  concerus  the  switching  of  AM  to  FM  mode  during  a  measurement 
session.  As  was  previously  described  [4]  any  change  of  parameters  involves  quite  a  lot  of 
conqiuter  keyboard  input,  but  in  this  case  there  are  two  signal  leads,  to  and  fiom,  the  HF- 
ttansceiver  that  also  need  to  be  reconnected. 

The  ouqput  of  the  HF-transceiver,  which  is  led  to  the  digital  integrator,  is  taken  from  the  back 
panel  of  the  transceiver.  In  FM  operation  connector  #S,  labeled  "60  MHz,  conqnessed  pulse"  is 
used.  Should  the  user  switch  to  die  AM  mode,  dien  diis  lead  has  to  be  changed  to  connector  #4, 
which  is  marked  "10.7  MHz,  AM". 

The  HF-transceiver  front  panel  ouqxit  whidi  is  led  to  the  oscilloscope  also  needs  to  be  changed: 
"OUT  PFM"  far  the  FM  mode,  and  "OUT  AM"  for  AM  operation. 
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6  RECOMMENDATIONS  TOR  IMHiOVEMENTS  OF  THE  SET-UP 

The  recommeiKUdoiis  as  presented  in  diis  chapter  are  mainly  based  on  expoience  gained  from 
the  BEST  TWO  trial.  The  itons  summarized  in  section  6.1  were  previously  and  more  extensively 
described  in  section  3.1. 

6. 1  Optical  improvements 

1)  Should  the  optical  part  of  the  set-up  been  rebuild  in  the  future,  than  it  is  strongly  lecommNided 
that  the  laserplatform  is  redesigned  with  regards  to  the  followings  considerations: 

The  current  laseiplatfotm  is  large  and  heavy.  All  non-optical  parts,  such  as  power  siqtplies, 
should  be  removed  from  it.  The  only  exception  is  the  pte-anq>lifier  of  the  HgCdTe  detector, 
because  it  needs  to  be  placed  as  close  to  tite  detector  as  possible  to  reduce  hi^  frequency 
interference. 

The  laserplatform  should  be  placed  iqxrn  a  tripod,  instead  of  the  car.  Eqiecially  the  laser 
cooling  unit  can  cause  unwanted  vibrations.  A  tripod  can  be  placed  on  any  surface, 
regardless  of  its  form. 

Locations  in  the  beam  paths  should  be  provided  where  fluorescence  plates  can  be  inserted 
and  ilhitninated  with  violet  spotli^ts. 

-  Individual  parts  should  be  removable  widiont  disturbing  the  alignment  of  otirer  coaqxments. 
Examples  are  tiie  pre-amplifier,  die  recmver  telescope,  beamqiBaer  BS3  and  lens  L3. 

Screen  the  laser  beam  at  die  rides  of  the  laserplatform  so  dut  die  operator  is  protected  from 
burning  his  dodies  or  hands. 

Ensure  accessibility  tof  tools,  for  example  a  screwdriver  that  could  be  needed  to 
fitttenAemove  a  particular  conyooent 


2)  In  the  cnneDt  system  tome  mirran  and  beamsplitters  sra  not  fully  fixed  in  dieir  hcdden.  This 
only  shows  when  the  set-up  is  subject  to  vibrations  and  shocks,  as  was  die  case  at  some  times 
during  BEST  TWO. 
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3)  For  the  purpose  of  optical  aUgnment  a  special  accessory  can  be  build. 

This  would  consist  of  an  assembly  containing  a  pyro-electric  detector,  a  diennal  radiator  with  a 
chopper  in  front  of  it,  a  crossmaik  to  aid  in  visual  aiming,  and  some  electronics.  The  latter  would 
be  designed  to  transmit  a  signal  of  frequency  that  is  related  to  the  intensity  of  die  incident  laser 
radiation  onto  the  pyro-electiic  detector. 

The  detector,  the  thennal  radiator  and  the  crossmarii:  should  be  positioned  relative  to  each  other, 
as  are  the  emanating  and  incident  beams  at  the  scan  mirror  of  the  laserplatfonn.  Thus  the 
alignment  of  transmitter,  receiver  and  vid^o  beams  can  be  performed  at  short  range. 

4)  It  would  be  ideal  if  a  thermal  imaging  system  could  be  used  sideby  the  laseiiadar  system.  This 
is  a  necessity  if  the  lasetradar  is  to  be  used  again  in  trials  like  BEST  TWO.  It  is  essential  that  the 
operator  can  locate  targets  at  night  or  when  clouds  block  die  view. 

5)  The  beam  choppers  can  be  improved  in  two  ways: 

increasing  the  rotational  speed,  so  diat  the  detector  signal  frequency  shifts  fiom  30  to  about 
200  Hz,  will  greatly  inqirove  readability  of  this  signal  on  an  oscilloscope. 

the  chopper  assembly  and  fitting  ctmld  be  redesigned  to  be  more  practical. 

6.2  Electronical  inqnovements 

1)  Leading  the  signal  of  pyro-electric  detector  #1  to  an  analog  or  digital  meter  would  provide  in  a 
permanent  monitor  of  laser  beam  intensity. 

2)  The  current  system  to  monitor  die  liquid  mtrogen  level  in  die  dewar  of  die  HgCdTe  detectin’  is 

not  adequate.  The  plastic  sensor  tube  tends  to  get  frozen  when  the  enviroiimental  tenqiesatiire 
rises  above  30*C,  a  delay  in  reaction  on  the  LED-bar.  Moreover,  this  LED-bor  is  placed 

very  iiiqnactically  at  the  side  of  the  laaerplatfotm;  a  better  {dace  would  be  next  to  odier  control 
equipment,  for  example  in  one  of  the  19"  racks. 


3)  The  ETA  stiOmungswtAter  dtould  be  from  intetfercnoes  that  cause  diis  ^ipaiatos  to 

shut  off  die  power  to  die  laaerplatfoniL 
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4)  It  is  advised  to  attach  one  large  plastic  tube  to  die  laseiplatfoim.  This  tube  can  then  contain  all 
the  cables  going  to  and  coming  from  the  laseiplatfann  to  the  19”  racks  and  the  cooling  unit. 

This  would  veiy  practical  if  the  set-up  is  used  again  in  an  outdoor  environment 

5)  A  monitor  for  the  video  display  must  be  added.  This  gives  better  control  of  die  system  to  die 
operator,  who  should  be  able  to  see  the  ouqiut  of  the  computer  and  of  die  video  camera  at  all 
tunes. 

6)  It  is  important  that  several  controls  which  are  spread  over  the  system  ate  brought  together  in  a 
single  area  of  the  set-up. 

Examples  of  currendy  divided  controls  liquid  nitrogen  level  LED-bar,  laser  ooqiut  reading, 
oscilloscope  display  of  compressed  pulse. 

6.3  Improvements  in  computer  hardware  and  software 

The  coiiqniter  hardware  that  is  cuirendy  used  consists  of  a  Hewlett  Packard  series  9000  model 
220  computer,  equipped  with  1.7  Mbyte  of  RAM  memory  and  a  special  puipose  FFT  (fruit  fourier 
transform)  card.  The  standard  IEEE-488  interface  allows  reliable  and  flexible  control  of  up  to 
sixteen  periferals,  which  in  our  system  cmisist  of  the  conqmto',  the  printer,  a  disc  drive,  an 
additional  A^IS  grqthics  tenninal,  the  digital  integrator,  die  HF  transceiver,  and  the  XY- 
controUer  of  the  scan  mirror.  This  was  all  previously  described  by  Bentvelsen  [2]. 

The  software,  inqilemented  in  Pascal,  consists  of  a  program  called  XYRANGE,  originally 
implemented  for  the  HP  wodcstation  by  Van  der  Vegt  [3],  and  later  adapted  by  Bentvelsen  [2], 
and  the  authw  of  this  rqiort  It  controls  the  set-tq;)  in  performing  measurements  in  several  modes, 
which  were  previously  described  [4].  Furthermore  die  software  processes  measurement  data  into 
resulting  values  for  velocity  and  distance,  and  controls  die  printer  and  die  VIDIS  grqdiics 
terminal  in  providing  a  graphical  and  numerical  r^nesentation  of  die  measurement  result 
The  latest  tqxlate  to  die  program,  adiich  was  not  documented  before,  adds  die  option  to  save  an 
extensive  file  to  disc,  which  cmitains  aU  relevant  data  concerning  the  ineasurement 
The  version  of  die  program,  used  in  die  eiqieriments  described  in  this  report  is  named 
XYRANGEIO. 
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The  conq>uter  system  in  fteneral  was  set-iq>  and  developed  to  suppcxt  a  multifunctional  lasenadar 
system. 

We  will  focus  onto  the  problems  encountered  in  using  die  software  XYRANGEIO,  and  treat  the 
shortcomings  of  the  computer  hardware  in  die  set-up. 

1)  The  user-interface  of  XYRANGEIO  was  designed  to  be  user-ftiendly.  However  it  lacks  some 
important  features,  and  is  not  as  fault  tolerant  as  could  be. 

At  the  start  of  the  program,  XYRANGEIO  interactively  asks  the  user  to  choose  a  measurement 
mode,  and  afterwards  to  enter  all  paramenters  relevant  for  die  selected  mode.  User  ir^ut  is 
handled  quite  robustly  by  iiqiut  routines;  the  permitted  options  for  the  user  input  are  listed,  and 
usually  only  one  of  these  values  is  allowed  to  be  entered.  Then  a  measurement  may  be  eucuted. 
Should  the  user  want  to  alter  one  of  the  parameters,  then  a  part  of  the  parameter  entering  routine 
is  executed  again;  thus  the  user  is  farced  to  retype  typically  5  to  8  irqnits,  where  he  needs  to 
change  only  one.  If  the  user  decides  to  change  to  another  mode  of  measuring,  dien  all  parameters 
have  to  be  entered  fiom  scratch  on;  diis  is  very  inconvenient,  as  in  practice  most  parameters  wiU 
be  the  same  in  consecutive  measurements,  even  for  different  modes  of  measuring. 

It  is  not  possible  to  enter  or  even  to  retain  default  values  for  die  parameters  in  different  measuring 
modes. 

Noteworthy  is  also  that  the  robustness  of  the  input  routines  is  not  conqilete.  ha  some  cases  the 
input  routines  will  accept  a  not  permitted  iiqiut  value,  usually  zero,  or  even  treat  die 
<BACKSPACE>  as  the  <RETURN>  key. 

This  will  all  cost  a  lot  of  time  adjusting  die  system  during  measurements,  tiiiie  that  is  not 
available  during  a  field  trial. 

2)  XYRANGEIO  lacks  die  option  to  perform  any  disc  access,  qwrt  fiom  one  saiving  a 
measurement  datafinfo  file.  Thus  it  is  not  possible  to  investigate  die  disc  directory  contents, 
available  disc  size,  etcetera,  during  program  execution. 

3)  It  is  not  possible  to  make  a  printer  hardct^y  of  die  parameters  concerning  the  current  system 
configuration.  Neither  can  a  previously  saved  measurement  be  read  fiom  disc  and  plotted  by  die 
printer,  as  can  be  done  with  the  measurement  dut  is  actually  perfimed. 

4)  The  program  is  not  mouse  controllable,  as  is  more  and  mote  accqited  as  standard  in  modem 
con^ter  qipUcations. 
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5)  The  computer  monitor  is  also  utilised  to  di^Iay  the  picture  of  the  video-camera  of  the  optical 
set-up.  This  implicates  that  one  has  to  switch  between  these  two  picture  sources;  they  cannot  be 
viewed  at  die  same  time. 

6)  The  VIDIS  system,  which  is  used  to  plot  a  gr^hical  representation  of  the  measured  data,  is 
unacceptably  slow.  One  measurement  will  take  about  20  seconds  to  visualize  on  the  VIDIS 
screen. 


7)  Should  the  operator  want  a  printer  hardcopy  of  the  measurement  result,  as  plotted  by  VIDIS, 
then  this  will  take  an  additional  SO  seconds.  The  printer  is  not  adequately  buffeted. 

8)  The  operation  setting  of  the  system  is  somewhat  scatteied  over  several  hardware  units.  For 
example  when,  in  FM-ranging  mode,  <me  switches  from  single  chirp  to  double  chitp 
measurement,  not  only  the  corresponding  parameter  has  to  be  changed  in  XYRANGEIO,  but  also 
a  switch  on  the  HF-transceiver  needs  to  be  flicked.  This,  and  other  details,  compUcale  die 
operation  and  can  induce  mistakes  during  experiments. 

9)  The  Hewlett  Packard  woikstadon  Pascal  does  not  offer  an  user-ffiendly  and  efficient 
environment  for  the  programmer.  Thus  it  takes  relatively  long  to  inqilement  changes,  however 
minor,  into  the  coiiqilex  software. 

The  implementation  of  a  new  conqmter  configuration  will  be  peifotined  in  die  near  future.  Bodi 
hardware  and  software  will  be  changed. 

a)  Hardware:  a  faster  computer  widi  extensive  gr^diics  ciqiabilities  is  needed.  Recommended 
equipment  consists  of; 


an  MS-DOS  conqiadble  coaqmter  widi  80386  main  and  80387  mathematical  prooesaon, 
preferably  a  VOA  color  gnphics  card, 
a  special  FFT  (Past  Fourier  Ttanaform)  card. 
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b)  Software:  the  cunent  program  XYRANGE  will  be  rein^Iemented.  As  was  described  in  detail 
in  section  3.2  the  software  shocld  provide  in; 

a  good  user  interface. 

the  possibility  to  quickly  alter  any  measuring  mode  or  parameter, 
extensive  disc  access. 

the  option  to  produce  a  hardcopy  of  any  measurement  or  processing  result,  not  only  during 
the  performance  of  experiments,  but  afterwards  as  well 
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7  CONCLUSIONS 

The  muldiiiiictiofial  CW  C02-l44en3klar  system  has  been  operational  after  tiie  modificatioos  tiiat 
were  in^lemented  in  1990. 

Measurements  have  been  perfonned,  botii  at  the  TNO-FEL  laboratory  and  at  the  BEST  TWO 
battlefield  trial  in  Can^  de  Mounnelon,  Rrance. 

Results  consist  of  measured  and  processed  distances  and  velocities  of  target  vehicles  and  natural 
objects.  The  measurement  data  has  also  been  saved  onto  disc,  for  inter  and  further  processing. 
Spectra  of  the  characteristic  vibrations  have  beat  recorded  of  several  military  vehicles  at  SOO  m 
distance,  and  of  an  army  truck  at  distances  varying  fixun  2  to  4  km.  These  recorded  spectra  have 
been  processed,  showing  characteristic  vibration  frequencies. 

Much  experience  has  been  gained  on  the  various  aspects  of  the  petfcimance  of  the 
multifunctional  CW  C02-laserradar  system.  From  this  experience,  recommendations  have  been 
formulated  for  iirqirovement  of  the  set-up. 
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